Mathematics Education Research Journal 


2007, Vol. 19, No. 3, 33-47 


A Trend Study of Self-Concept and Mathematics 
Achievement in a Cross-Cultural Context 

Jianjun Wang 

California State University 


The TIMSS 1995, 1999, and 2003 data have been gathered from Hong Kong before 
and after its sovereignty switch from the United Kingdom to China in 1997. Built on 
a reciprocal relation theory from the research literature, this investigation is designed 
to examine models of student self-concept and mathematics achievement during the 
political transition. Along with a perceived 'brain drain' from the population 
migration, there was a non-monotonic change in the reciprocal relationship between 
self-concept and mathematics achievement. In addition, indicators of mathematics 
achievement and self-concept have demonstrated different linkages to the 
permanent emigration of Hong Kong residents with valued or desirable skills and 
qualifications. Interpretation of these empirical findings entails a need of enhancing 
cross-cultural understanding in mathematics education. 


Professional organisations of mathematics education have attached great 
importance to affective factors (e.g.. National Council of Teachers of Mathematics, 
1998). Marsh and Craven (1997) maintain that "enhancing a child's academic 
self-concept is not only a desirable goal but is likely to result in improved 
academic achievement as well" (p. 155). The anticipated improvement of student 
performance is based on the existence of a reciprocal relationship between self- 
concept and academic achievement (Marsh, Trautwein, Ludtke, Roller, & 
Baumert, 2005). It has been noted that "[i]n academic self-concept research, 
support for the main theoretical models has been based largely on responses by 
students from Western countries, particularly English-speaking students in 
Australia, Canada, and the United States" (Marsh, Hau, & Kong, 2002, p. 728). 

To facilitate the development of new knowledge, the aim of this 
investigation is to examine the reciprocal relation model through an analysis of 
empirical data during a cross-cultural transition in Hong Kong. To date, the only 
comparative project that has gathered large-scale data in mathematics and 
science education is TIMSS, an acronym originally given to the Third International 
Mathematics and Science Study in 1995 (TIMSS 1995), and the Trends in International 
Mathematics and Science Study that includes TIMSS 1995, 1999, and 2003 projects. 
The trend data were collected in a parallel pattern to ensure that the results are 
comparable over the eight-year span (1995-2003). This study is focused on 
mathematics education because of its universal importance in secondary schools. 

Among the TIMSS participating nations, the only nation that has 
experienced a dramatic political transition in this period is Hong Kong. When 
the TIMSS data were first collected in 1995, Hong Kong was a British colony. 
After Hong Kong's handover to China in July 1997, follow-up data were 
gathered twice in 1999 and 2003. The ongoing political change provides a unique 
opportunity to examine whether models of the relationship between academic 
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self-concept and achievement differ from the Western models. Accordingly, this 
empirical investigation has incorporated both exploratory and confirmatory 
inquiries. On the exploratory aspect, this investigation includes variables from 
the Hong Kong context using the large-scale TIMSS database, in addition, 
grounded in the current literature, this study is designed to 
reconfirm/disconfirm generalisation of the reciprocal relation model during the 
period of political transition. 

Literature Review 

Self-concept is an important construct in education because of its linkage to 
academic achievement (Byrne, 1984; Valentine, Dubois, & Cooper, 2004). 
Nonetheless, a general self-concept might not be solely confined in the academic 
orientation (Skaalvik & Skaalvik, 2006). To facilitate research in education, 
Shavelson, Hubner, and Stanton (1976) proposed a hierarchical model that 
divided the general self-concept into academic and nonacademic components. 
"Recent research has shown a causal relationship between [academic] self- 
concept and subsequent achievement and that this relationship is reciprocal in 
nature" (Lau, Yeung, & Jin, 1998, p. 1). Interpretation of the reciprocal 
relationship has been delineated in the following way — while better student 
achievement leads to improvement of self-concept, positive self-concept can help 
increase student achievement concurrently (Byrne & Shavelson, 1986; Craven, 
Marsh, & Burnett, 2003). 

Paradox of the Empirical Evidence 

Support for the reciprocal effects model has been found from meta-analyses (Ma 
& Kishor, 1997; Valentine, Dubois, & Cooper 2004), but this literature was 
primarily rooted in North American culture. Meanwhile, empirical 
investigations in comparative education did not produce conclusive findings in 
a multicultural context. Wilkins, Zembylas, and Travers (2002) analysed 
international data from the Third International Mathematics and Science Study 
(TIMSS), and reported a positive relationship between self-concept and 
mathematics achievement for 16 different countries. Kifer's (2002) analysis 
indicated that many of the highest performing countries had some of the lowest 
overall beliefs in student self-ability. Given the involvement of various 
confounding variables from different cultures, the lack of comparability becomes 
a concern for cross-sectional comparisons across different nations (Bracey, 2006). 

To confront this paradox, Hong Kong is a preferred choice of study because 
of the dramatic social changes within the recent decade. The TIMSS data were 
gathered during this transition period across the British and Chinese governance, 
and thus, empirical investigations can be conducted to examine educational 
outcomes that are sensitive to the cross-cultural transformation. Trend data 
analysis at the same location not only reflects the need for reconfirming the 
reciprocal relation model in Hong Kong, but also alleviates the comparability 
issue undermining most international studies among different sites. 
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Identification of Self-Concept 

When describing self, one may use words "I" and "me." Naturally, the "I" and 
"me" perspectives of self have played important roles in self-concept 
identification (Mead, 1913). While the "I" perspective portrays the self as a doer, 
the "me" standpoint is needed to gain an understanding of self as object (James, 
1890). Because "individuals are capable of forming biased (optimistic or 
pessimistic) appraisals of their competence" (Martin & Debus, 1998, p. 518), 
indicators of self-concept from the doer and object aspects can help triangulate 
the information from different viewpoints, and thus, avoid potential mistakes 
using a single indicator from one perspective (Bermett & Sani, 2004; Breckler & 
Greenwald, 1986; Greenwald, 1982). 

Similar to the two-side view of self. Marsh (1990) suggested a two-point 
framework to guide analyses of self-concept: (1) intra-individual comparisons 
(internal frame of reference), in which students compared their own 
achievements in one subject with their achievements in other subjects; and (2) 
social comparisons (external frame of reference), in which students associated 
their own achievements with those of their classmates. The internal and external 
structures are closely aligned with identification of self-concept from the doer 
and object aspects in this investigation. 

As a doer, students may assess whether they are good at a subject area 
according to the internal frame of reference. For instance, Wilkins (2004) 
employed an item, T usually do well in mathematics', from TIMSS to indicate 
self-concept. He asserted that "based on the operative definition of mathematics 
and science self-concept, the statement T usually do well in mathematics 
(science)' represents a substantively valid measure" (Wilkins, 2004, p. 345). Still, 
the single item approach might be too simplistic because of missing indicators 
from the object aspect. 

To address this issue, the external frame of reference can be employed to 
enrich the self-concept configuration. As Walshaw (2007) has pointed out, 
"Identity is a social construct" (p. 93). Besides an individual impression of self- 
strength, students could develop their academic self-concept externally through 
a comparison with their classmates. During the TIMSS data gathering, students 
had a chance to rank their acceptance of a statement, 'Math is more difficult for 
me than for others' (Item name: BSBMTGLM). This external comparison has 
portrayed self-concept from an object perspective, reflecting the relative 
difficulty students endured from mathematics learning. 

In summary, self-as-doer and self-as-object are two interrelated aspects that 
fit the historical literature (e.g., James, 1890) and Marsh's (1990) internal /external 
framework. The doer indicator is based on past analyses of the TIMSS database 
(Wilkins, 2004). The object indicator further incorporates an external social 
comparison to facilitate the self appraisal. In support of this empirical 
investigation, those indicators have been chosen from the TIMSS database to 
gain both I- and me-perspectives of self-concept in relation to Hong Kong's 
specific circumstances. 
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The Hong Kong Context 

The cross-cultural context has made Hong Kong an ideal setting for investigating 
the composition of self-concepf (Marsh, Hau, & Kong, 2002; Hau, Kong, Marsh, 
& Cheng, 2000). One of fhe infrinsic variables is fhe co-exisfence of English and 
Chinese insfrucfion in mafhemafics educafion. Nonefheless, based on fhe school 
language labeling. Marsh, Hau, and Kong (2002) reporfed fhaf "fhe inclusion of 
fhe language-of-insfrucfion variables had almosf no effecf on fhe supporf for fhe 
reciprocal effecfs model" (p. 748). In parf, fhis could be because "a subsfanfial 
proporfion of schools which claimed fo feach in English acfually faughf eifher in 
Canfonese or in mixed code" (Bray, 1997, p. 163). 

Insfead of involving fhe subfle language factor, fhis new invesfigafion has 
designated ifs focus on subsfanfial changes during fhe sovereignfy swifch from 
Brifain fo China. Since an inifial announcemenf of fhe Sino-Brifain agreemenf on 
Hong Kong's fufure in 1984, many Hong Kong residenfs have decided fo move 
abroad (Kingsley & Shirley, 2000). "Because of ifs rapid growfh and sheer magni- 
fude, fhe effecfs of emigration from Hong Kong have affracfed much affenfion in 
recenf years" (Unifed Nafions Educafional, Scienfific and Culfural Organisation 
[UNESCO], 2003, p. 7). Alfhough no researcher has summarised fhe fofal 
emigranf numbers fo all wesfern counfries, fhe massive emigrafion from Hong 
Kong fo Ausfralia has been fracked in Mar's (2002) docforal fhesis. Af fhe peak 
of fhe polifical change, fhe number of emigranfs fo Ausfralia in 1994/95 and 
1995/96 was 10 times larger fhan fhe figure for 1997/98 (Mar, 2002, p. 101). The 
1996 census dafa from Ausfralia furfher indicafed fhaf 32 per cenf of Hong Kong 
bom people had 'higher qualifications', abouf twice the level for fhe fofal Ausfralian 
population (The Deparfmenf of Immigration & Mulficulfural Affairs, 2000). "Eor 
a brief time, Hong Kong became fhe number one source of Ausfralian immigranfs, 
surpassing fhe Unifed Kingdom" (Mar, 2002, p. 105). As a resulf, a more 
profound issue behind fhe polifical fransifion was "fhe oufmigrafion of doctors, 
bankers and ofher professionals in a large-scale brain drain" (Mondejar, 2001, p. 1). 

The impacf of populafion migration was non-monofonic because of fhe 
emigranf refum between 1999 and 2003. Goldstein (1999) reported, "The Chinese 
immigrants [to the western countries] of fhe pasf few years, I heard a lof of fhem 
say fhaf fhey will refurn fo Hong Kong ..." (p. 116). Despife fhe inifial drop of 
parenfal educafion in 1999, fhe refumed populafion fide could have reversed fhe 
frend (Goldsfein, 1999; Koo, Kam, & Ghoi, 2003; Rao & Yuen, 2001), resulting in 
an increase of parenfal educafion levels in 2003. 

Whereas two points on the time dimension are sufficient to determine a 
monotonic, linear relationship, the non-monotonic trend is curvilinear in nature, 
and requires more data points to describe the transition pattern. Therefore, fhe 
TIMSS 2003 dafa are incorporafed wifh fhe previous fwo waves of dafa from 
TIMSS 1995 and 1999 fo disenfangle fhe non-monofonic frend of parenfal 
educafion wifhin fhe confexf of Hong Kong. 

In summary, fhe imporfance of sfudying fhe reciprocal relation model in 
Hong Kong has been recognised by several researchers (e.g.. Marsh ef al., 2002; 
Wang, J., 2004; Wang, 2005; Wang, Oliver, & Garcia, 2004). The model examined 
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in this new investigation differentiates from fhe pasf models in af leasf two 
disfincf aspecfs: (1) If replaces fhe ambiguous school language labeling wifh a more 
perfinenf facfor of parental education fo beffer represenf fhe Hong Kong confexf in 
fhis period; (2) If incorporafes fhe TIMSS 2003 dafa fo supporf an analysis of fhe 
non-monofonic frend fhaf requires af leasf fhree waves of dafa on fhe fime 
dimension. 

Besides fhe linkage between family background and self-concepf (Orr & 
Dinur, 1995), if has been generally reporfed fhaf "beffer-educafed parenfs have 
children who score higher on fesfs" (Bracey, 1998, p. 629). Thus, parenfal 
education is a profound facfor influencing developmenf of sfudenf self-concepf 
and academic achievemenf (Eccles & Harold, 1993; Nakagawa, 2000; Pena, 2000). 
Because fhe TIMSS 2003 dafa were unavailable fo fhe general public unfil fhe end 
of May, 2005, previous sfudies could nof examine fhis non-monofonic paffern 
(e.g., Wang, J., 2004; Wang, 2005; Wang, Oliver, & Garcia, 2004; Wilkins, 2004). In 
fhis regard, fhis invesfigafion is builf on a solid fheorefical framework and 
perfinenf empirical dafa fo enrich fhe exisfing knowledge base. 

Research Questions 

According fo Marsh ef al. (2002), "Previous research suggesfs fhaf Chinese 
sfudenfs differ from Wesfern sfudenfs in ways fhaf may be relevanf fo how fhey 
consfrucf fheir self-concepf s" (p. 728). Hong Kong is fhe only Chinese region fhaf 
has parficipafed in all fhree phases of fhe TIMSS dafa collection. The frend dafa 
af fhe 8fh grade provide a unique opporfunify fo invesfigafe changes in fhe 
relationship between sfudenf self-concepf and mafhemafics achievemenf in lighf 
of fhe flucfuafion of parenfal education levels during fhe polifical fransifion. 
Research quesfions fhaf guide fhis invesfigafion are: 

1. How does fhe change of parenfal education relafe fo developmenf of 
sfudenf self-concepf and mafhemafics achievemenf, respectively? 

2. Given fhe ongoing change of parenfal education during fhe polifical 
fransifion, whaf is fhe relationship pattern between self-concepf and 
mafhemafics achievemenf? 

3. Has fhe sfafisfical modeling been supporfed by fhe TIMSS 1995, 1999, 
and 2003 dafa across fhe 8-year period? 

Method 

Indicator Selection 

When variables are nof direcfly observable, researchers fend fo use indicators or 
observed variables fo identify feafures of fhe lafenf variables (see Loehlin, 1992). In 
fhis sfudy, self-concepf is represenfed by indicafors from fhe doer and objecf 
aspecfs. The use of multiple indicafors is designed fo achieve a beffer 
represenfafion of fhe lafenf variable, and facilifafes assessmenf of pofenfial 
measuremenf errors in fhe sfafisfical computing. According fo Schumacker and 
Lomax (1996), "Today, if is commonly accepfed fhaf mulfiple observed variables 
are preferred over a single variable in defining a lafenf variable" (p. 55). 
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Based on the theoretical framework, self-concept can be disentangled on the 
intra-individual and social comparison dimensions (Marsh, 1990). From the 
intra-individual reflection, students answered a TIMSS item, 'I usually do well in 
mathematics', with a response from "sfrongly agree" fo "sfrongly disagree" 
(Wilkins, 2004). In ferms of fhe social comparison, sfudenfs responded an ifem 
'mafh is more difficult for me fhan for ofhers' in fhe TIMSS 1999 and 2003 projecfs. 
In fhe TIMSS 1995 quesfiormaire, however, fhe ifem was worded in reverse wifh 
respecf fo whefher mafhemafics was relatively easy for a sfudenf. To mainfain 
consisfency in fhe resulf inferprefafion, fhe scale has been fransformed so fhaf a 
higher ranking response corresponds fo a lower difficulfy level, and fhus, a more 
positive self-concepf. 

To represenf mafhemafics achievemenf more adequafely, indicators of 
academic performance have been selecfed according fo fhe original TIMSS 
projecf design. In particular, each sfudenf fook a subsef of fhe mafhemafics fesf 
fo reduce fhe fesfing burden, and a fofal of five plausible scores have been 
impufed fo esfimafe fhe overall sfudenf achievemenf (Wang, 2001). TIMSS 
researchers suggesfed fhaf fhe resulfs from fhe five plausible scores be averaged 
for sfafisfical reporfing fo decrease uncerfainfy from fhe mulfiple score 
impufafions (hffp://isc.bc.edu/fimssl999i/pdf/T99_TR_Chap 14.pdf). This 
mefhod has been adopfed in ofher similar projecfs, such as fhe National 
Assessment of Educational Progress (e.g., Allen, Carlson, & Zelenak, 1999). In fhis 
investigation, fhe five plausible scores from TIMSS 1995, 1999, and 2003 projecfs 
are employed as indicafors of sfudenf mafhemafics achievemenf. 

Statistical Modelling 

"The represenfafion of lafenf variables based on fheir relation fo observed 
indicator variables is one of fhe defining characferisfics of SEM [Sfrucfural 
Equafion Modelling]" (Garson, 2005, p. 3). The SEM analysis can be handled by 
a compufer soffware package of fhe Linear Sfrucfure Relafion (LISREL) 
(Joreskog, Sorbom, Toif, & Toif, 2000). More imporfanfly fhe LISREL soffware can 
model fhe relafionship using indicafors on an ordinal scale (Joreskog, 1990), such 
as fhe ones involved in fhe self-concepf idenfificafion. 

The model of fhe relafionship befween sfudenf self-concepf and 
mafhemafics achievemenf has been depicted in Eigure 1. Parenfal education is a 
confexfual factor reflecfing fhe non-monofonic frend of 'brain drain' during fhe 
fransifion period. Pafh coefficienfs (Yj & jf) are estimated fo assess linkages from 
parenfal education fo sfudenf self-concepf and mafhemafics achievemenf, 
respecfively (Quesfion 1). A correlation coefficienf ((3) has been computed by fhe 
LISREL soffware fo assess fhe reciprocal relafionship befween self-concepf and 
mafhemafics achievemenf (Quesfion 2). Like a regular correlation coefficienf, a 
sfrong relafionship is represenfed by a (3 value near 1, and a weak relafionship is 
indicated by a (3 value close fo zero. The model-fitting indices are calculated fo 
examine fhe model reconfirmafion by fhe TIMSS 1995, 1999, and 2003 dafabases 
(Quesfion 3). To keep Eigure 1 more readable, measuremenf errors considered in 



Figure 1. A structural model of self-concept and mathematics achievement from TIMSS. 
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this investigation are not portrayed along with factor loadings (X), path 
coefficients (y), and correlation coefficients ((3). 

Based on features of fhe secondary dafa analysis, fhe following fwo 
limifafions should be acknowledged in fhis mefhod secfion: 

1 . Alfhough doer and object indicators have been idenfified fo represenf fhe 
infra-personal and social dimensions of self-concepf, fhe culfural 
deferminanfs or influences could be foo exfensive fo cover in fhe TIMSS 
survey The drawbacks of relying solely on quanfifafive analyses should 
be acknowledged. Based on fhe ongoing changes of influence from 
British fo Chinese culfural values, more efhnographic research from fhe 
qualifafive paradigm may help disenfangle fhe apparenf swifch of 
sfudenf self-concepf during fhe TIMSS invesfigafions. 

2. The TIMSS dafa analyses mighf seem unfamiliar because of fhe 
involvemenf of sophisficafed mulfivariafe mefhods. For insfance, 
mafhemafics performance is represenfed by mulfiple plausible scores 
(Gonzalez, & Smifh, 1997; Martin, Mullis, Gonzalez, & Ghrosfowski, 
2004), and Greek letters have been employed fo presenf resulfs of fhe 
Sfrucfural Equation Modelling (SEM). Gonsequenfly fhe findings wifh 
subscripfs mighf appear alien fo some readers. 

Results 

Levels of fafher or mofher educafion range from complefing primary school fo 
finishing uni versify degrees. According fo fhe original TIMSS codes, fhe parenfal 
educafion indicators have a value of 1 for fhe lowesf educafion and 6 for fhe 
highesf educafion. Sample sizes involved in fhe sfafisfical computing have been 
lisfed in Table 1 along wifh fhe average educafion levels and fhe corresponding 
sfandard errors. The sfandard error calculafion is based on fhe Jackknife 
procedure recommended by a TIMSS reporf (Gonzalez & Smifh, 1997). Because 
of fhe relatively small sfandard errors, differences in fhe average level of 
educafion are significanf af a = 0.05. 

The five plausible scores were more or less equivalenf in fhe TIMSS projecf 
design fo joinfly identify sfudenf mafhemafics performance (Gonzalez & Smifh, 
1997). This design feafure was reconfirmed by empirical findings from fhis 


Table 1 

Trend in education levels of parents 


Projecf 


Eafher 



Mofher 


N 

M 

SE 

N 

M 

SE 

TIMSS95 

4961 

4.26 


4978 

3.93 


TIMSS99 

6251 

2.89 

0.061 

6304 

2.60 


TIMSS03 

4929 

4.69 


4930 

4.22 
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investigation, as illustrated by the almost identical factor loadings (kyi, Xy 2 , 

Xy 4 , and Xys) within each of fhe TIMSS dafabases (Table 2). In confrasf, fhe doer 
and objecf indicafors seem fo have differenf factor loadings (/^.y^ ^ /^y/) fhaf need 
fo be addressed in fhe Discussion secfion. 

Unlike fhe non-monofonic flucfuafion of Xyg and Xyj values, fafher educafion 
has consisfenfly shown more confribufions fhan mofher educafion in idenfifying 
fhe confexfual facfor of parenfal educafion > ^xi) across fhe fhree dafabases 
(Table 2). Furfhermore, as fhe reciprocal relationship remained weak ((3 < 0.03) on fhe 
time dimension, fhe parenf educafion facfor seemed fo have demonsfrafed a sfronger 
link fo sfudenf achievemenf fhan fo self-concepf (0.17 < Yj < 0.23; 0.07 < Y 2 < 0.14). 

Whereas fhe liferafure review justified appropriateness of using fhe TIMSS 
1995, 1999, and 2003 dafa fo sfudy fhe reciprocal relation model, fhe sfafisfical 
analysis has provided more empirical evidence fo assess fhe model fifness. In 
particular, s (GFI) have been listed in Table 3 fo indicafe plausibilify of tiffing fhe 
reciprocal model (Figure 1) fo fhe empirical dafa, and fhe root mean square errors of 
approximation (RMSEA) are compufed fo assess fhe average of residuals nof 
accounfed for by fhe model. The high GFI indices and small RMSEA values 
reconfirm fhe model fifness fo fhe frend dafa from TIMSS. 


Table 2 

Parameter estimates for the reciprocal model using the TIMSS and TIMSS-R databases 


Esfimafes 

TIMSS 1995 

TIMSS 1999 

TIMSS 2003 

Eacfor pattern coefficienfs 

A-yl 

0.96 

0.92 

0.96 


0.95 

0.93 

0.96 


0.95 

0.93 

0.96 


0.96 

0.92 

0.96 


0.96 

0.93 

0.96 


1.16 

0.56 

0.68 

^y7 

0.41 

0.75 

0.71 

^xl 

0.78 

0.63 

0.66 

^x2 

0.84 

0.69 

0.93 

Reciprocal Relation 

P 

0.01 

0.03 

0.01 

Pafh Goefficienfs 

Yi 

0.19 

0.23 

0.17 

Y2 

0.07 

0.14 

0.07 
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Table 3 

Model fitting indices for the TIMSS and TIMSS-R databases 


Indices 

TIMSS 1995 

TIMSS 1999 

TIMSS 2003 

RMSEA 

0.06 

0.07 

0.07 

GFI 

0.98 

0.97 

0.97 


Discussion 

This empirical investigation is based on a careful selection of fiming and location 
fo examine fhe reciprocal relafion model in a cross-culfural confexf. The fiming 
has been designafed fo a special period in which fhe TIMSS 1995, 1999, and 2003 
dafa are available for sfafisfical analyses. The Hong Kong locafion is unique for 
ifs sovereignfy handover befween Brifain and China during fhe same period. 
Accompanied by fhe migrafion of professionals in and out of the ferrifory, a non- 
monofonic change of parenf education has been found in fhe local school setting 
(Table 1). Discussion of fhe empirical findings is grounded in fhis confexf fo 
disenfangle fhe empirical relafionship befween sfudenf self-concepf and 
mafhemafics achievemenf using fhe TIMSS dafabases from more fhan 15,000 
sfudenfs. 

Empirical Trends within the Hong Kong Context 

During fhe 8-year frend sfudy, parenfal educafion levels have decreased from 
TIMSS 1995 fo TIMSS 1999 projecfs, and bounced back in fhe TIMSS 2003 projecf 
(Table 1). Despife fhis flucfuafion, whaf remained consisfenf was a gender 
difference in fhe influence of parenfal educafion. In parficular, fafher's educafion 
seemed fo have more confribufion fo fhe parental education factor fhan mofher's 
educafion (X ^2 > ^xi)- The culfural herifage mighf have played an imporfanf role 
since "The fradifional Chinese culfure is male-orienfed culfure" (Wong, Lam, & 
Ho, 2002, p. 830). More fhan 2000 years ago, Confucius downplayed fhe 
imporfance of female educafion, and mainfained fhaf "a woman is virfuous only 
if she is unfalenfed" (cifed by Lin, 2001, p. 159). 

When fhe modemisafion drive was launched in China after fhe Culfural 
Revolution, implemenfafion of a single-child policy has deferred two or more 
children families (Wang & Brie, 1997); buf fhe single-child policy was confined 
wifhin fhe mainland China. Wifhouf fhe populafion confrol measure in Hong 
Kong, fhe male-dominanf culfure nof only adored boys, buf also elevafed fhe 
fafher's sfafus. Consequenfly fhe TIMSS resulfs demonsfrafed more confribufion 
from fafhers' educafion fhan mofhers' fo fhe category of parenfal influence. 

Figure 1 illusfrafes empirical linkages from parenfal educafion fo sfudenf 
learning oufcomes. Typically, "Hong Kong Chinese parenfs carried and 
penefrafed in fheir home environmenf fheir affifudinal emphasis in fheir 
children's academic success" (Wang, D., 2004, p. 52). Whereas a self-concepf has 
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been derived from a theoretical framework (Marsh, 1990), student achievement 
is simply represented by mathematics scores. Due to the transparency of score 
monitoring, it is no surprise to observe a larger path coefficient from the parental 
education factor to the academic achievement outcome (i.e., > Y 2 ). This finding 

also reflects education values of Hong Kong parents because "Excellent 
examination results are considered representative of the status and good 
reputation of the family" (Lau, Yu, Lee, So, & Sung, 2004, p. 22). 

According to the research literature, English-speaking nations place more 
emphasis on individualism, and "Chinese culture is low on the culture value of 
individualism and high on collectivism" (Marsh, Hau, & Kong, 2002, p. 728). In 
identifying self-concept, the doer perspective is linked to individual judgment as 
to whether or not a student performs well in mathematics. The object 
perspective, on the other hand, is based on a comparison of academic 
performance among students. In the TIMSS 1995 project, the indicator from the 
doer's perspective had a stronger influence than the comparative considerations 
from the object perspective (Xy^ > 'k^j) (see Table 2 & Eigure I). After the 
sovereignty handover, the results were reversed, and the social comparison 
played a more important role (Xyg < k^j) in the TIMSS 1999 and 2003 projects. 
Consistent with the transformation from British to Chinese governance, this 
change seems to indicate a switch of influence from the individual viewpoint to 
the collective consideration in self-concept identification. 

Non-Monotonic Changes During the Transition 

It should be noted that the fluctuation of parental education was parallel to the 
tide of population migration in this period (see Goldstein, 1999; Mar, 2002; Rao 
& Yuen, 2001). As the parental education factor reached the lowest level in 1999 
(Table I), the shortage of human resources might have generated more family 
awareness to the 'brain drain' issue, and thus, higher path coefficients (i.e., Yj or 
Y 2 ) appeared in TIMSS 1999 (Table 2). In line with the stronger influence of 
parental education on mathematics achievement and self-concept, the East Asian 
financial crisis in 1999 also triggered more education demands on core subject 
training (Yam, 1999). These contextual factors might have jointly contributed to 
a non-monotonic fluctuation of the and Y 2 values along with the sovereignty 
transformation (Table 2). 

In response to this curvilinear change, the strongest reciprocal relationship 
between mathematics achievement and self-concept has also been obtained from 
the TIMSS 1999 project ((3 = 0.03). On a scale between 0 and I, however, even this 
largest [3 value was too small to claim a substantial implication. The influence of 
both British and Chinese cultures might have resulted in overlooking a strong 
reciprocal relationship reported from the western literature (see a summary by 
Ma & Kishor, 1997). On the one hand, positive reciprocal relationships have been 
found from studies of English-speaking population (Valentine, Dubois, & 
Cooper 2004), and Hong Kong had the British influence during its 150-year 
colonial history. On the other hand, Confucius stated that "The more a man 
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learns, the more he knows his ignorance" (http://novel.jschina.com.cn/ 
yingyuwenxue/yinghmy/yinghanmingyanlS.htm, p. 1). Therefore, one might 
speculate a negative reciprocal relationship between mathematics achievement 
and self-concept due to Confucius ideology in Chinese fradifion. As fhe posifive 
and negafive relationships counfer-balanced each ofher, a weak reciprocal 
relafionship has been found from fhis invesfigafion (see fhe [3 values in Table 2). 

Model Fitting Indices 

Because fhis invesfigafion is deeply grounded on fhe exisfing liferafure, if is 
imporfanf fo confirm fhaf fhe fheorefical model has a sfrong supporf from fhe 
empirical dafabases. Joreskog and Sorbom (1993) mainfained fhaf an appropriafe 
model should have a small Root Mean Square Errors of Approximation (RMSEA) 
and a large Goodness of Fit Index (GFI). In ferms of eifher criferion, fhe resulfs in 
Table 3 clearly suggesf sfrong supporf of fhe sfafisfical model from fhe frend 
dafabases. 

Sharma (1996) cautioned fhaf fhe model-tiffing indices could be "affecfed by 
sample size" (p. 158). In fhis sfudy, invarianf model-fiffing indices have been 
obfained from frend dafa analysis (Tables 1 & 3) despife fhe variation of sample 
sizes in fhe TIMSS 1995, 1999, and 2003 dafabases. Consisfency of fhe model- 
fiffing indices clearly suggesfed a consfanf supporf of fhe fheorefical model 
across fhe fransifion period befween Brifish and Chinese governances. 

In conclusion, a weak relafionship has appeared befween mafhemafics 
achievemenf and self-concepf during fhe cross-culfural fransifion. "In an 
inferconnecfed world, undersfanding ofher nafions and regions is a cornerstone 
of democrafic cifizenship" (Engler, Hunf, & James, 2004, p. 199). To enhance 
undersfanding of fhe culfural diversify, more invesfigafions are needed fo furfher 
disenfangle fhe feafure of mafhemafics achievemenf and self-concepf, and verify 
fhe non-monofonous frend along wifh fhe weak reciprocal relafionship. In fhis 
regard, fhe sfafisfical findings reported in fhis article do nof preclude scholarly 
inquiries from qualifafive paradigm fo enrich fhe cross-culfural undersfanding of 
mafhemafics education during fhe special period of sovereignfy fransifion. 
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